The essential oils from different parts of Litsea cubeba, collected from the highlands of Sarawak, were isolated and their chemical compositions analyzed. This study demonstrated significant variations in the chemical compositions and the chemical profiles of the volatiles and could provide valuable supplementary information on the geographical variations of the species. The fruit essential oil was dominated by citronellal, d-limonene and citronellol, while the leaf oil was high in eucalyptol and α-terpineol. High concentrations of citronellal and citronellol in both the root and bark oils were identified. In the stem, the oil was dominated by eucalyptol, d-limonene and α-terpineol. The activity of the oils against brine shrimp larvae, bacteria, yeast and fungi was determined. The oils were toxic against brine shrimp larvae with LC 50 values ranging from 25.1 -30.9 μL/mL. The oils also demonstrated a wide spectrum of inhibition against microorganisms with inhibition zones between 19.5 -46.7 mm against Gram-positive bacteria and 10.5 -90.0 mm against yeast and fungi. However, the oils were not active against Gram-negative bacteria.
Litsea cubeba Pers., family Lauraceae family, is distributed in southern China, Japan and Southeast Asia, and the mountain areas of Taiwan, Thailand, northeast India, Korea, Vietnam and Indonesia [1, 2, 3] . In Sarawak, L. cubeba is known as Pahkak by the Bidayuh community in Kiding and Tenom in Lawas [4] . It is a small tree growing wild in the mountain areas of Sarawak, such as Padawan and Bario [5] . L. cubeba is known for its pleasant aroma and traditional usage. It is cultivated for its essential oil for the perfume industry, for feeding muga silk worms, to produce fast-growing timber, aromatherapy [6] , treatment of disease [7] , paint industry, resin varnish, plastic and biodiesel [8] . In Sarawak, the fruits are used as a flavor enhancer and for treatment of stomach ache [4] .
Various studies on the fruit oils of L. cubeba collected from China, Taiwan, Vietnam, India and Thailand have shown citral as the main component [1, 2, [9] [10] [11] [12] . A recent study reported an additional chemotype, whereby the fruit oil was dominated by 70% citronellol with 10% of citronellal [13] .
Several variations of the chemical composition of the leaf oil have been reported. The Chinese leaf oil consisted of a high percentage of α-cis-ocimene, β-phellandrene [14] , citronellal [15] and citral [11] . In India, sabinene-rich [13] and linalool-rich [14] leaf oils were identified. A study of Vietnam leaf oils collected from six provinces showed variation of chemical composition [15] . According to Bighelli et al. [15] , the leaf oil was dominated by eucalyptol (range 0.2-51.7%), linalool (range 0.4-91.1%) and sabinene (range 0-48.1%). Eucalyptol was the dominant compound in the leaf oil collected from Indonesia, China and Taiwan [16] [17] [18] [19] [20] . In West Java, the leaf oil was characterized by eucalyptol and citral [9] .
Stem bark oil of northeastern India was rich in citronellol, linalool and citronellal [18] while eucalyptol (26.6%), citronellol (21.7%), linalool (9.9%) and citronellal (8.7%) were reported in oils from Indonesia [20] . In China, the stem oil was predominant in β-phellandrene [21] A study of the root oil reported citronellal [22] and citral as the main components [11, 21] .
Pharmacological studies indicated that the essential oil of L. cubeba possessed antispasmodic, bronchodilator, antimicrobial, antioxidant, antiparasitic, acute and genetic toxicity, cytotoxic and anticancer activities [9, [21] [22] [23] [24] . The oil was also a potential insecticide and able to repel cabbage looper, Trichoplusia ni, Japanese termite, Reticulitermes speratus, mosquito, Aedes aegypti, maize weevil, Sitophilus zeamais, redflour beetle, Tribolium castaneum, nematode, Bursaphelenchus xylophilus, cigarette beetles, Lasioderma serricorne, and booklouse, Liposcelis bostrychophila [1, 2, [25] [26] [27] .
L. cubeba has been well investigated from a phytochemical point of view and for its bioactivity properties. However, there is no published study on the chemical composition and bioactivity of L. cubeba essential oil from Sarawak. Therefore, this study was carried out to determine the quantitative and qualitative composition of the essential oil from different organs of L. cubeba collected in Sarawak, and to investigate the essential oils for their antimicrobial and cytotoxic activities.
Essential oil composition:
Hydro-distillation of L. cubeba gave clear and light yellow oil in yields ranging from 0.4% -12.0%, v/w, on a dry weight basis, for different plant parts. The leaf oil was obtained in a yield of about 8.1%, while an average of 1.8% and 0.7% were recovered, respectively, from the bark and the root of the plant. The lowest oil yield was obtained from the stem (0.4%). A previous study reported that the fruit of L. cubeba (May Chang) gave 3-8% yield of oil using steam distillation [4] .
The volatile components of the essential oil samples were analyzed using GC-MS and the results are presented in Table 1 . A total of 15 compounds were identified in the fruit essential oil, which showed monoterpenes (92.9%) as the dominant group; citronellal (51.5%), d-limonene (10.4%) and citronellol (8.9%) were the major components. This result supported the findings of the previous study [4] . The strong smell of the fruit oil could be related to the presence of a high percentage of citronellal. Only a small percentage of sesquiterpenes (5.8%) and citral (2.6%) were present in the fruit oil. A citronellal-rich fruit oil was also found in the : retention indices on BPX-5 column. b : The components of the essential oil were identified by comparisons of their mass (MS) spectra with those in a computer library (NIST) and confirmed by comparisons of their retention indices (RI) with those in the literature [31] .
highlands of Bario (Sarawak) and India [5, 7, 14, 28] . These findings suggested there were a few variations in the fruit oil composition of L. cubeba, which include citral-rich, citronellal-rich and citronellol-rich.
The leaf oil showed the presence of 21 components, of which 13 were monoterpenoids (85.1%) and eight sesquiterpenoids (9.9%). The minty and fresh smell of the essential oil might be contributed to by the main monoterpene components, which were eucalyptol (44.0%) and α-terpineol (18.6%). Similarly, the leaf oil collected from the highlands of Bario (Sarawak) was also dominated by eucalyptol [5] . Twenty-eight constituents accounting for 100% of the total oil composition were identified in the bark oil. This was rich in citronellal (26.8%), d-limonene (24.6%) and citronellol (26.3%). The major chemical profile of the bark oil was quite similar to that of the fruit oil, except that no citral was detected and more sesquiterpenes were present in the bark oil. Major components in the root oil were citronellal (45.6%), citronellol (26.0%) and isopulegol (11.8%). The stem oil of L. cubeba was mainly composed of eucalyptol (22.0%) and d-limonene (21.1%), with a small percentage of sesquiterpenes.
In this study, the chemical composition of L. cubeba essential oils has shown variability based on different locations. This variation could be the result of the adaptation of the plant to survive with the environment [29] . Natural chemotypes usually occur in wild grown species and the composition of a species can change as a result of many factors such as stage of maturity, seasonal changes, flowering, amount of rainfall or sunlight, sunlight intensity, altitude, soil composition, external application of fertilizers and the stability of the species [30] .
The chemical profiles of the volatiles could provide valuable supplementary information on the geographical variation of this species. As the constituents of volatile oil extracted from the different parts of L. cubeba were different, so they should be utilized differently in clinical applications and studied in greater depth. Table 3 shows the antimicrobial activities of the essential oils against B. subtilis, S. aureus, E. coli, P. aeruginosa, A. niger, S. cereviciae and F. solani. It was found that these oils were active against Gram-positive bacteria, but none was active against Gramnegative bacteria. It is known that Gram-negative bacteria display an intrinsic resistance against many antimicrobials due to the hydrophilic surface of their outer membrane [32] . Small hydrophilic molecules are able to diffuse into the cell, but hydrophobic molecules such as essential oil components are unable to penetrate the membrane [33] .
The fruit oil showed the highest activity against B. subtilis, followed by leaf, stem and bark oils, respectively. The diameters of the inhibition zones displayed by the fruit, leaf and stem oils against B. subtilis were greater than that of the antibiotic tetracycline. S. aureus was also sensitive to L. cubeba. The fruit oil gave the strongest activity, followed by the leaf and bark oils, respectively. Essential oils from different parts of Litsea cubeba Natural Product Communications Vol. 10 (7) 2015 1303
However, tetracycline showed a larger inhibition zone against S. aureus compared with L. cubeba oils.
Yeast and fungi were found to be sensitive towards L. cubeba essential oils (Table 3 ). The oils produced greater inhibition zones against S. cerevisiae and A. niger than nystatin. The stem, fruit and leaf oils demonstrated the strongest activity against S. cerevisiae with a large inhibition zone of more than 90 mm (inhibited entire Petri dish) at a concentration of 20 μL/disc, followed by the bark and root oils, respectively. The leaf and fruit oils also showed strong inhibition against A. niger, with inhibition zones of more than 90 mm. However, the oils showed moderate inhibition against F. solani. Generally, all oils exhibited a greater inhibition zone against S. cerevisiae and A. niger compared with nystatin.
In this study, the activity of the oils is mostly due to their chemical compositions. The compounds in the studied oils could play a role in cell penetration, fixation of cell wall and membranes, lipophilic attraction and cellular distribution [34] . Several compounds or functional groups of the molecules may interfere with the cell wall, which will affect cell functions or destroy the cell. Thus, interactions between the main and minor compounds in the essential oil might be responsible for the inhibitory activity [35] .
However, further evaluation of the oils should be conducted by using a minimum inhibition concentration method, as the oil concentration used in this study might not be enough to inhibit the growth of the tested strains.
Experimental
Plant material: Fresh Litsea cubeba was harvested during the fruiting season in the highlands of the Padawan area of Sarawak The plants were separated into fruit, leaf, stem, bark and root. A voucher specimen (No. SABC 4588) was deposited at the Herbarium of the Department of Sarawak Biodiversity Centre.
Oil isolation: Fresh samples of L. cubeba were subjected to hydrodistillation in a Clevenger-type apparatus for 7 h. The essential oils obtained were collected and dried over anhydrous sodium sulfate and refrigerated in the dark at 4°C.
Analysis of the oil:
The essential oils were analyzed by GC-MS (Shimadzu QP GC-2010 Plus) using a medium polarity capillary column BPX-5 (29.5 cm length x diameter 0.25 mm, film thickness of 0.25 µm composed of non-polar 5% phenyl methyl siloxane). Helium gas was used as the carrier gas. One µL of the essential oil sample was diluted with 200 µL of n-hexane and 1 µL of the diluted sample was then injected using split mode injection (1:20) . The initial temperature was programmed at 50ºC and increased to 300ºC with a rate of 6ºC/min and held for 10 min at the final temperature. The temperature for the injector and detector was set at 280ºC and 300ºC, respectively, while the interface temperature was set at 320ºC. The components of the essential oil were identified by comparisons of their mass spectra (MS) with those in a computer library, National Institute for Standard Technology (NIST), and confirmed by comparisons of their retention indices (RI) with those in the literature [31] . The percentages of the components were calculated by the normalization method. Antimicrobial assay: The antimicrobial activity of the essential oil was tested according to Prabuseenivasan et al. [37] , with minor modification. Bacteria culture was diluted to approximately 10 7 CFU/mL using MH broth and then 1 mL of 10 7 CFU/mL bacterial culture was mixed with 9 mL of MH agar to obtain a 10 6 CFU/mL final inoculum concentration. The agar with culture was distributed into a Petri dish and allowed to dry at room temperature. For yeast and fungi, about 10 7 CFU/mL of the cultures were prepared and mixed with 9 mL of Potato Dextrose Agar (PDA). Ten mL of PDA with culture were distributed into each Petri dish and allowed to dry at room temperature. Exactly 20 μL of essential oils were dissolved in 30 μL of 10%, v/v, aqueous dimethyl sulfoxide (DMSO) and 0.5%, v/v, Tween 20 in sterile reverse osmosis (RO) water. Under aseptic conditions, an 8 mm thick paper disc (Advantec, Japan) was impregnated with 50 μL essential oil solution and placed on the agar surface [38] . A paper disc moistened with aqueous DMSO was placed on the seeded Petri dish as a vehicle control. Standard commercial antibiotics, tetracycline (30 µg/disc) and nystatin (25 µg/disc) were used as positive controls against bacteria and fungi, respectively. The diameter of inhibition zone was measured after 18 h of incubation at 37°C for bacteria and the yeast, and 2 days of incubation at 37°C for fungi.
